Elevated atmospheric CO 2 (eCO 2 ) generally increases carbon input in rice paddy soils and stimulates the growth of methane-producing microorganisms. Therefore, eCO 2 is widely expected to increase methane (CH 4 ) emissions from rice agriculture, a major source of anthropogenic CH 4 . Agricultural practices strongly affect CH 4 emissions from rice paddies as well, but whether these practices modulate effects of eCO 2 is unclear. Here we show, by combining a series of experiments and meta-analyses, that whereas eCO 2 strongly increased CH 4 emissions from paddies without straw incorporation, it tended to reduce CH 4 emissions from paddy soils with straw incorporation. Our experiments also identified the microbial processes underlying these results: eCO 2 increased methane-consuming microorganisms more strongly in soils with straw incorporation than in soils without straw, with the opposite pattern for methane-producing microorganisms. Accounting for the interaction between CO 2 and straw management, we estimate that eCO 2 increases global CH 4 emissions from rice paddies by 3.7%, an order of magnitude lower than previous estimates. Our results suggest that the effect of eCO 2 on CH 4 emissions from rice paddies is smaller than previously thought and underline the need for judicious agricultural management to curb future CH 4 emissions. K E Y W O R D S climate change, greenhouse gases, meta-analysis, rice agriculture, straw management S U PP O RTI N G I N FO R M ATI O N Additional supporting information may be found online in the Supporting Information section. How to cite this article: Qian H, Huang S, Chen J, et al.
| INTRODUC TI ON
Agriculture accounts for 19%-29% of human-made greenhouse gas (GHG) emissions (Vermeulen, Campbell, & Ingram, 2012) , and concerns about climate change have prompted efforts to reduce GHG release from agricultural systems (Carlson et al., 2017; Chen et al., 2014; Paustian et al., 2016; Smith, 2012; Wollenberg et al., 2016) .
Rice is a staple food for more than half of the global population, and rice paddies cover 11% of the planet's arable land (Alexandratos & Bruinsma, 2012; Maclean, Dawe, Hardy, & Hettel, 2002) . However, rice paddies are also responsible for 11% of anthropogenic CH 4 emissions (IPCC, 2013) . Largely due to high CH 4 emissions, the global warming potential of GHG emissions from rice production is more than two times higher than either wheat or maize (Carlson et al., 2017; Linquist, van Groenigen, Adviento-Borbe, Pittelkow, & van Kessel, 2012) . Net CH 4 release from rice paddies is determined by the balance between CH 4 production and consumption (Conrad, 2007) . Methane is produced by methanogenic archaea under anaerobic conditions and this process is largely determined by C availability (Tokida et al., 2011; Watanabe, Takeda, & Kimura, 1999) . Although anaerobic CH 4 oxidation has been observed, CH 4 oxidation occurs mostly by aerobic methanotrophic bacteria in rice paddies (Conrad, 2007) . This process is largely determined by the availability of CH 4 and O 2 (Cai, Zheng, Bodelier, Conrad, & Jia, 2016; Hanson & Hanson, 1996; Megonigal & Schlesinger, 2002) .
Humans are increasing atmospheric CO 2 levels through fossil fuel consumption, deforestation, and other types of land use change (IPCC, 2013) . Elevated CO 2 concentrations (eCO 2 ) increase rice root growth and stimulate the release of root exudates (Cheng et al., 2010; van Groenigen, van Kessel, & Hungate, 2013) , a major substrate for CH 4 production (Tokida et al., 2011; Watanabe et al., 1999) . Indeed, numerous studies have shown that eCO 2 can increase CH 4 emissions from rice paddies (Bhattacharyya et al., 2013; Cheng, Sakai, Hartley, Yagi, & Hasegawa, 2008; Wang, Li, et al., 2018; Wang, Jin, et al., 2018; Ziska et al., 1998) . However, agricultural management practices strongly affect CH 4 release from rice paddies as well (Hussain et al., 2015; Linquist et al., 2015; Su et al., 2015; Yan, Yagi, Akiyama, & Akimoto, 2005) . For instance, straw addition increases CH 4 emissions by 111% on average (Liu, Lu, Cui, Li, & Fang, 2014) , whereas noncontinuously flooded practices reduce CH 4 emissions by 53% (Jiang, Carrijo, et al., 2019) .
Rising CO 2 concentrations and management practices can affect CH 4 emissions through similar mechanisms. For instance, straw management and eCO 2 both increase substrate availability in paddy soils (van Groenigen et al., 2013; Watanabe et al., 1999) . As such, eCO 2 and management practices are likely to interact in determining CH 4 emissions from rice paddies (Lou et al., 2008; Xie et al., 2012; Zheng et al., 2006) . This is important, because management practices have changed drastically over the last few decades (Zhang, Yu, Huang, Li, & Wang, 2011; Zhang et al., 2019; Zhao et al., 2018) . Nonetheless, previous assessments of eCO 2 effects did not consider variation in management practices (Dijkstra et al., 2012; van Groenigen et al., 2013; van Groenigen, Osenberg, & Hungate, 2011; Liu et al., 2018) .
Here, we conducted three complimentary experiments to study the role of straw management and eCO 2 on CH 4 emissions from rice paddies and the underlying microbial processes. Because eCO 2 effects on CH 4 emissions can differ between rice cultivars (Lou et al., 2008) , we measured the effects of eCO 2 and straw management for an indica rice cultivar, a japonica rice cultivar and a hybrid cultivar under continuously flooded conditions (experiment A, see Materials and Methods). Because water management can influence the effects of soil C availability on CH 4 emissions , we conducted a second experiment under intermittently flooded conditions (experiment B). Because eCO 2 typically increases rice plant biomass (van Groenigen et al., 2013) , it stimulates soil C input from crop residues in the subsequent growing season.
This implies that the effect of eCO 2 may vary over time. Thus, we also conducted a two-season experiment to assess temporal variation in the effects of eCO 2 and straw management on CH 4 emissions (experiment C). Finally, to test the generality of our findings, we also conducted a global meta-analysis on the effect of eCO 2 on CH 4 emissions from rice paddies, synthesizing 79 observations from 14 studies (see Materials and Methods and Dataset S1). We then used the results of our meta-analysis to estimate the effect of eCO 2 on global CH 4 emissions from rice paddies, taking into account recent changes in straw management practices in rice agriculture (see Materials and Methods).
| MATERIAL S AND ME THODS

| Experiment A-cultivars
We conducted a microcosm experiment under continuously flooded conditions in two walk-in growth chambers (length, 4 m; width 2 m; height, 2.7 m) at the Jiangxi Academy of Agricultural Science, Nanchang (28.6°N, 115.9°E), China. Because there are three major types of rice cultivars (indica rice, japonica rice, and hybrid cultivar), we included one indica rice cultivar (Lvyinzhan), one japonica rice cultivar (Ningjing 7), and a hybrid rice cultivar (Wuyou 308). Each cultivar was grown under two levels of CO 2 concentration and two levels of straw incorporation. The CO 2 treatments consisted of ambient CO 2 (aCO 2 ) and elevated CO 2 (eCO 2 ), and straw treatments consisted of with straw incorporation and without straw incorporation. We set the CO 2 concentrations at 400 ppmV (aCO 2 treatments) in one growth chamber and at 600 ppmV (eCO 2 treatments) in the other. In the pots with straw incorporation, fresh rice straw was chopped into 2-3 cm segments that were incorporated into the soil at a rate equivalent to 6 t/ha. To avoid differences in microclimate, we switched the CO 2 treatments between chambers once a week. On average, CO 2 concentrations in the aCO 2 treatment were 410 ± 40 ppmV during the daytime (12 hr) and 501 ± 42 ppmV during nighttime; CO 2 concentrations in eCO 2 treatment were 615 ± 18 ppmV during the daytime and 657 ± 22 ppmV during nighttime. In both chambers, the relative air humidity was maintained at about 75%, the mean day/ night air temperature was 30/26°C. Each chamber was lit by eight high-pressure sodium lamps and eight high-pressure metal halide lamps, providing a mean photon flux 390 µmol m −2 s −1 during the daytime.
We collected soils from a rice paddy near Jiangxi Academy of Agricultural Science. The soils were air-dried, mixed, sieved (6 mm mesh size). Soil properties were as follows: soil organic C 26.2 g/kg, total N 2.8 g/kg, total P 1.0 g/kg, total K 14.4 g/kg, available P 24.4 mg/kg, and available K 99.4 mg/kg. Plastic pots (diameter, 22 cm; height, 20 cm) were filled with 4.5 kg of air-dried soil. The diameter and height of the pots reflect common rice transplant density (25 cm × 15 cm per plant) and plow layer depth (0-15 cm) in paddy fields (Chu, Chen, Wang, Yang, & Zhang, 2014; Zhu et al., 2015) . We transplanted two healthy rice seedlings into each pot, using six pots per treatment combination. We kept a 3-4 cm water layer overlying the soil surface.
Nitrogen fertilizer as urea was applied at transplanting, at the tillering stage, and at the panicle initiation stage at the rate of 108 kg N/ha, 36 kg N/ha, and 36 kg N/ha, respectively. Phosphorus fertilizer and potassium fertilizer were applied at the rate of 120 kg P 2 O 5 /ha and 80 kg K 2 O/ha, respectively, at transplanting.
| Experiment B-water management
We conducted a second experiment under intermittently flooded conditions with four replicates, using the same experimental approach as in experiment A. Soils were collected from a rice paddy near Jiangxi Academy of Agricultural Science. Soil properties were as follows: soil organic C 21.6 g/kg, total N 2.5 g/kg, total P 0.4 g/kg, total K 12.8 g/kg, available P 6.0 mg/kg, and available K 88.8 mg/kg. We used indica rice cultivar Yangdao 6, which is commonly grown in this region. We applied intermittent flooding-multiple aeration, which is defined as having more than one aeration period of more than 3 days during the rice season (IPCC, 2006) . Intermittent flooding with multiple aerations is applied to about 80% of the China's rice paddies and these aeration periods are typically implemented after the panicle initiation stage Yan, Akiyama, Yagi, & Akimoto, 2009 ). We maintained a 3-4 cm surface water depth until 44 days after rice transplanting. Thereafter, we decanted the water and did not re-flood until the soil water content of 0-5 cm depth had decreased to approximately 75% of water-filled pore space. This procedure was repeated three more times throughout the growing season. Other management practices were similar as described in experiment A.
| Experiment C-temporal variation
We conducted an experiment for two seasons to determine the effects of eCO 2 on CH 4 emissions with four replicates. We used the same soils and rice cultivars as described in experiment B. After the harvest of the first season, roots and straw from each treatment were collected, dried, and chopped into 2-3 cm segments. The root or root + straw material was added to the corresponding treatment in the second season. The application of root and straw was 20% higher in eCO 2 treatments than in the aCO 2 treatments, because eCO 2 increased rice biomass by about 20%. Other management practices were similar as described in experiment A.
| Sampling and measurement methods
In all experiments, we used the static closed chamber method (Zou, Huang, Jiang, Zheng, & Sass, 2005) to collect gas samples once per week from 1 week after rice transplanting to 2 weeks before harvest. On each sampling day, four gas samples were taken from each pot at 5 min intervals between 9:00 and 11:00 a.m. A gas chromatograph (GC-2010 PLUS, SHIMADZU) was used to measure the CH 4 concentrations. The CH 4 fluxes (F) were calculated as follows:
where ∆C/∆T is the CH 4 concentration change in chambers (mg m −3 hr −1 ), V is the volume of the chamber (m 3 ), and S is the surface area of pot (m 2 ). Linear regression was used to calculate ∆C/∆T and only measurements for which r 2 > .90 were accepted. Less than 5% of the measurements were discarded.
In experiments A and C, fresh soil was collected at 70 days after rice transplanting, when CH 4 emissions were significantly different among treatments. In the experiment B, fresh soil was collected at harvest. We measured the abundance of methanogens and methanotrophs using quantitative real-time polymerase chain reaction (PCR).
The Power soil DNA Isolation Kit (MoBio) was used to extract soil DNA from 0.25 g of fresh soil. Because the mcrA and pmoA genes represent the methanogens and methanotrophs, respectively, primer pairs mcrAf/mcrAr and A189f/A682r were used to quantify the copy numbers of mcrA genes and pmoA genes, respectively (Holmes, Costello, Lidstrom, & Murrell, 1995; Luton, Wayne, Sharp, & Riley, 2002) . The quantitative real-time PCR was performed in CFX96 (Bio-Rad).
In experiment A, the japonica rice, indica rice, and hybrid rice plants were harvested at 90, 120 days, and 118 days after rice transplanting, respectively. In experiment B, rice plants were harvested at 103 days after rice transplanting. In experiment C, we harvested the rice plants at 108 days after rice transplanting in the first season and at 121 days after rice transplanting in the second season. The roots, shoots, and grains were oven-dried to a constant weight at 70°C.
| Statistical analysis
A three-way ANOVA (CO 2 , straw, and cultivar/season) was used to analyze the data from experiments A and C, and a two-way ANOVA (CO 2 and straw) was used to analyze the data from experiment B. Within each experiment, an independent sample t test was used to analyze the effect of eCO 2 within straw management treatments. We performed all analyses with the statistical package SPSS 18.0. Differences between treatments were considered significant at p < .05.
| Meta-analysis
We conducted a meta-analysis to assess the effects of eCO 2 on CH 4 emissions from rice paddies. We updated the dataset by van Groenigen et al. (2011) and added 58 observations. We used Web of Science to search journal articles published before June 2019, using search terms "CH 4 " and "rice OR paddy" and "elevated CO 2 * OR CO 2 enrichment" for article topic. To be include in our dataset, studies had to meet the following criteria: (a) the atmospheric CO 2 concentration for ambient and elevated treatments had to be between 350-450 and 450-800 ppmV, respectively; and (b) all management practices needed to be the same between the eCO 2 and aCO 2 . One study (Han et al., 2016) was excluded because all observations were outliers (−54%, +265%, +449%, +518%) that were identified by the descriptive statistics explore of the statistical package SPSS 18.0. In total, our dataset included 79 observations, 57 of which were derived from field experiments (Dataset S1). For each study, we tabulated seasonal methane flux data (i.e., total CH 4 emissions or mean CH 4 flux). If a paper reported both total CH 4 emissions and mean CH 4 flux, then we used the data on total CH 4 emissions.
For each experiment, we quantified the effects of eCO 2 on CH 4 emissions by calculating the natural logarithm of the response ratio (R),
where xe is the seasonal CH 4 flux under eCO 2 and xa is the seasonal CH 4 flux under aCO 2 (Hedges, Gurevitch, & Curtis, 1999) . We weighted lnR by the inverse of the study variance, estimating missing variances using the average coefficient of variance across the dataset .
We performed a mixed-effects meta-analysis in R using the rma.mv function in the "metafor" package (Viechtbauer, 2010 ).
We included "paper" as a random effect, because several papers contributed more than one observation. We conducted the metaanalysis for the full dataset, and for the subset of data derived from field experiments. To ease interpretation, we backtransformed the results of lnR and reported as the percentage change
Environmental conditions and management practices are known to affect CH 4 emissions, including water management, rice cultivars, and straw management (Hussain et al., 2015; Linquist et al., 2015; Yan et al., 2005) . To test whether any of these factors affected the response of CH 4 emissions to eCO 2 , we collected the following information for each experiment: the degree of CO 2 enrichment, that is, ΔCO 2 (ppmV), mean temperature during the rice growing season (°C), experimental condition (indoor or field), facility used for CO 2 fertilization (growth chamber, open top chamber, or free-air CO 2 enrichment), soil organic C (g/kg), water management (continuous flooding or noncontinuous flooding), rice cultivar (japonica rice or indica rice), inorganic N input rate (kg/ha), straw management (i.e., with or without straw incorporation), and experimental duration (year).
We analyzed our data following the same approach as Terrer, Vicca, Hungate, Phillips, and Prentice (2016). Briefly, using the "glmulti" package in R we analyzed all possible models that could be constructed using combinations of the experimental factors described above as main effects. The relative importance of each factor was then calculated as the sum of Akaike weights derived for all the models in which the factor occurred. We used a Wald test to determine whether treatment effects were statistically different between experimental classes.
| Extrapolation
Based on results of our meta-analysis, we estimated the effects of eCO 2 on global CH 4 emission from rice paddies (E):
where E s is the effect of eCO 2 on CH 4 emissions from rice paddies with straw incorporation, C s is the fraction of rice paddies with straw incorporation, SF is a scaling factor of the straw incorporation, and E n is the effect of eCO 2 on CH 4 emissions from rice paddies without straw incorporation. Because straw incorporation increased CH 4 emissions from rice paddies by 111% in a global meta-analysis (Liu et al., 2014) , we assumed that the value of SF is 2.11.
We estimated the fraction of global rice paddies with straw incorporation (C s ) at the beginning of this century:
where C i is the fraction of the total rice paddy area in country i with straw incorporation, A i is the rice harvest area in country i in 2000, and GA is the global rice harvest area in 2000. The values of C i are from Carlson et al. (2017) and the values of A i were obtained from FAOSTAT (Table S1 ).
| RE SULTS
| CH 4 emissions
Straw incorporation consistently reduced the effect of eCO 2 on methane emissions in all three experiments. In experiment A, we found a CO 2 × straw interaction (Table S2 ), whereby eCO 2 increased CH 4 emissions more strongly without straw addition, a result that held for all rice cultivars tested. Averaged across the three cultivars, eCO 2 increased CH 4 emissions by 58% without straw. But when straw was added, eCO 2 actually reduced CH 4 emissions by 7.7% (Figure 1a; Figure S1 ).
Similarly, we also found a CO 2 × straw interaction under intermittently flooded conditions in experiment B (Table S3 ): whereas eCO 2 increased CH 4 emissions by 25% in soils without straw addition, it reduced CH 4 emissions by 19% in soils with straw addition Figure S2 ). Results of Experiment C were again similar to Experiments A and B (Table S4 ; Figure S3 ); eCO 2 increased CH 4 emissions in soils without straw addition, but it reduced CH 4 emissions in soils with straw addition in both seasons (Figure 1c ). The CO 2 × straw interaction did not depend on season. Taken together, these three experiments suggest that the effect of eCO 2 on CH 4 emissions depends strongly on straw management and that this interaction occurs consistently across a wide range of experimental conditions.
| Methanogens and methanotrophs
We found that eCO 2 increased the abundance of methanogens in all three experiments (Figure 2a-c; Tables S2-S4 ), but this response depended on straw management; whereas eCO 2 stimulated the abundance of methanogens in soils without straw, it had no effect on the abundance of methanogens in soils with straw. The effect of eCO 2 on methanotrophs also depended on straw addition; eCO 2 increased the abundance of methanotrophs more strongly in soils with straw than in soils without straw in all experiments (Figure 2d-f ; Tables S2-S4 ).
| Meta-analysis and extrapolation
Our global meta-analysis further supports the key role of straw management in determining CH 4 emissions under eCO 2 . Straw management explained more of the variation in the response of CH 4 emissions to eCO 2 among studies than a wide range of other factors (Figure 3a) . Model selection analysis showed that all top-supported models included straw management as a moderator. Furthermore, the model that only contained straw management was the most parsimonious model within 2 AIC units (Table S5 ). Elevated CO 2 increased CH 4 emissions from rice paddies without straw incorporation by 35% but had no effect on CH 4 emissions from rice paddies F I G U R E 3 Results from a meta-analysis on the effect of elevated CO 2 (eCO 2 ) on CH 4 emissions from rice paddies. a. Model-averaged importance of the predictors of the eCO 2 effect on CH 4 emissions. The importance is based on the sum of Akaike weights derived from model selection using AICc (Akaike's information criteria corrected for small samples). Cut-off is set at 0.8 (dashed line) to differentiate important from non-essential predictors. b, Effect of eCO 2 on CH 4 emissions from rice paddies without straw incorporation (n = 64) and with straw incorporation (n = 15). Error bars indicate 95% confidence intervals; P-value refers to differences in eCO 2 effects between experimental classes with straw incorporation (Figure 3b ). We found similar results when we restricted our meta-analysis to observations from field experiments ( Figure S4 ).
Extrapolating our results to the global scale, we found that the effect of eCO 2 on CH 4 emissions from rice agriculture decreases with increasing percentage of the global rice paddy area that receives straw (Figure 4a ). At the beginning of the 21th century, straw was incorporated in ~54% of the world's rice paddy area (see Materials and Methods). Accordingly, we estimate the effect of eCO 2 on global CH 4 emissions from rice agriculture to be +3.7%, that is, 9-12 times lower than recent meta-analyses (van Groenigen et al., 2011; Liu et al., 2018) that did not consider the interaction between CO 2 and straw management (Figure 4b ).
| D ISCUSS I ON
Our meta-analysis and all our experiments showed that eCO 2 increases CH 4 emissions from rice paddies without straw incorporation, corroborating numerous previous studies (Lou et al., 2008; Xie et al., 2012; Zheng et al., 2006) . However, eCO 2 tended to reduce CH 4 emissions from rice paddies with straw incorporation. These results can be explained by differences in the response of methanogens and methanotrophs to eCO 2 between straw managements.
Specifically, eCO 2 increased the abundance of methanogens more strongly in soils without straw addition. Without straw, the stimulation of root biomass by elevated CO 2 (Tables S2-S4) , typically increases substrate availability through root exudation (Tokida et al., 2011; Watanabe et al., 1999) . However, straw incorporation reduces the contribution of root exudates to the total amount of available substrate (Watanabe et al., 1999) , minimizing the effect of increased root exudation by eCO 2 on methanogens.
In all three experiments, eCO 2 increased the abundance of methanogens more strongly in soils without straw addition than in soils with straw addition. These results can likely be explained by the effect of eCO 2 on the soil concentrations of O 2 and CH 4 , both of which are needed for methanotrophic growth (Cai et al., 2016; Hanson & Hanson, 1996; Megonigal & Schlesinger, 2002) . Elevated CO 2 increased rice root growth and plant biomass in all three experiments (Tables S2-S4) , confirming numerous previous studies (van Groenigen et al., 2013; Lou et al., 2008) . Larger rice plants stimulate O 2 transport into soils (Jiang et al., 2017; Ma, Qiu, & Lu, 2010) .
This mechanism is particularly important in soils with straw addition, where soil CH 4 concentrations are relatively high (Jiang et al., 2017) .
By contrast, in soils without straw, low CH 4 availability may limit methanotrophic growth, especially for Type II methanotrophs (Cai et al., 2016; Hanson & Hanson, 1996) . Indeed, "high-affinity" CH 4 oxidation activity is not induced at CH 4 concentrations ≤1,000 ppmV (Cai et al., 2016) , substantially higher than CH 4 concentrations in soils without straw addition in experiment B ( Figure S5 ). Under these circumstances, increased O 2 availability will have limited impact on methanotrophic growth. In other words, our experiments show that eCO 2 stimulated the growth and activity of methanotrophs more strongly than the growth and activity of methanogens in soils with straw incorporation, resulting in lower CH 4 emissions.
Our estimate of a 3.7% increase in global CH 4 emissions from rice agriculture through eCO 2 is likely an overestimate, because it does not take into account the increase in straw incorporation that has already occurred over the last decade (Zhao et al., 2018) . Since straw incorporation tends to increase rice yields and reduces the need for fertilizer use (Huang, Zeng, Wu, Shi, & Pan, 2013; , its popularity will likely continue to grow. Thus, our estimated effect of eCO 2 is likely biased toward paddies without straw addition, which show relatively strong increases in CH 4 emissions under eCO 2 .
In summary, our study strongly suggests that current projections overestimate future CH 4 emissions from rice agriculture, because they account for the effect of straw incorporation (IPCC, 2006) and rising CO 2 levels (Zhang et al., 2011) , but not for their interaction. Importantly, our findings should not be interpreted as an argument for straw incorporation to reduce future CH 4 emissions. Although straw incorporation strongly decreases the effect of eCO 2 on CH 4 emissions from rice paddies, long-term straw incorporation increases CH 4 emissions by more than 100% . These CH 4 increases can be offset through CH 4 mitigation using agricultural practices such as noncontinuous flooding practices (Jiang, Carrijo, et al., 2019) , the use of gypsum (Denier Van der Gon & Neue, 1994) , no tillage (Zhao et al., 2016) , and the introduction of new rice cultivars Jiang et al., 2017; Zhang et al., 2019) .
Furthermore, long-term straw incorporation can increase soil C contents and may reduce the need for fertilizer N input , thereby lowering indirect greenhouse gas emissions associated with fertilizer production . Lower fertilizer N input rates may also reduce paddy N 2 O emissions (Shcherbak, Millar, & Robertson, 2014) . Because straw incorporation is recommended by agricultural scientists and governments, future changes in CH 4 emissions from rice agriculture are likely largely driven by changes in straw management, and not by elevated CO 2 . Thus, to minimize future CH 4 emissions from rice agriculture, we suggest that research should focus on innovative straw management and on quantifying the interactions between straw management and other agricultural practices, rather than mitigating the impact of eCO 2 on CH 4 emissions. 
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